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INTRODUCTION
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. The dendrochronologic data from Mount Rainier and the spatial distribution of moraines indicate that major recession of glaciers from positions at or near their late Neoglacial maximum extent began between 1822 and 1855 (Table 1) . Several earlier broad periods of retreat following major advances are also indicated. However, the accuracy of these dates is affected by several factors, including a poorly known and variable ecesis time, irregular patterns of revegetation, particularly at higher altitudes, and the limited life span of major tree species which may preclude dating of moraines older than 500 to 700 yr. Lichenometric studies may overcome many of these difficulties. Following the pioneering studies of Beschel (1950 Beschel ( , 1961 , several more-recent investigations (Beschel and Weidick, 1973; Benedict, 1967 Benedict, , 1968 ; Denton and Karlin, 1973 Karlin, , 1977 Karlin, 1973;  Karlen and Denton, 1976) have demonstrated the utility of lichenometry for dating Holocene deposits. Lichenometric dates can be affected by many of the same limitations as described for tree-ring dates. However, dating of moraines with abundant lichen cover within the altitudinal zones for which the lichen growth curve is valid can minimize these problems. Such lichenometric studies have facilitated the development of more-detailed and accurate chronologies than has been possible in most dendrochronologic and radiometric-dating studies. 1900  1901  1876  1878  1864  1857  1854  1842  1843  1841  1840  1846  1800  1822  1779  1761  1763  1760  1749  1730  1741  1700  1661  1640  1655  1623  1613  1600   1552  1528 1519 1500
METHODS OF INVESTIGATION BOTANICAL METHODS
After mapping the glacial geology on aerial photographs at scales of 1:1500 to 1:8000, ages for moraines were determined using lichens, tree-rings, and tephra layers. The lichen growth curve for Rhizocarpon geographicum developed by Porter (1981) on the south flank of Mount Rainier formed the basis for all lichenometric dates determined in this study (Figure 2) . Lichenometric ages greater than the oldest control point were based on a linear extrapolation of the growth curve. Comparison with growth curves developed in other parts of the world suggests that this extrapolation is probably valid for 400 to 500 yr (Porter, 1981). The techniques of measurement and site selection described by Porter were followed. The maximum diameters of circular or nearly circular lichens were used to date the time of stabilization of the surfaces of interest. Several hundred thalli were examined on each moraine. Typically, the number of thalli in a given size range decreased exponentially as the maximum observed diameter was approached (Figure 3 ). During this study and similar lichenometric studies in the Alps (S. C. Porter, pers. comm., 1979), it was found that the maximum thallus diameter determined by two workers studying different segments of the same moraine generally varied by 1 mm or less. A precision of 1 mm in the measurement yields an uncertainty of up to 3 yr for surfaces 120 yr old and of 5 yr for those around 200 yr sion. Because ecesis times for trees are highly variable, when glaciologic inferences are based on tree-ring counts, this uncertainty in dating should also be considered. Table 2 ). Still younger moraines are located near the present terminus, but they are cored by ice, are characterized by frequent slumping, and could not be reliably dated.
NORTH MOWICH GLACIER The terminus of North Mowich Glacier
(b) ---------------------------------------------scale change -------------------------------------------
OHANAPECOSH GLACIER
Ohanapecosh Glacier, comprising three ice remnants having a total area of about 1.6 km2, has receded substantially since its maximum Neoglacial advance. Several distinct moraines lie on the northeastern margin of the stagnating ice below the main cirque headwall (Figure 8) . The presence of tephra layers O, Yn, and C on the lowest, forested moraine indicates that it is probably of late glacial age. Two forested Neoglacial moraines and an outwash surface 150 m farther upvalley were dated with tree rings by Sigafoos and Hendricks (1972). Tephra layer X, a brown, lapilli pumice that was erupted before 1854 (Mullineaux, 1974), is found on the outwash surface that was dated at 1876. This lag of more than 20 yr is indicative of the variable ecesis time for trees, especially at higher elevations. Four moraine crests in the sparsely vegetated, proglacial zone were dated by lichenometry ( Table 2) The altitude of these moraines is greater than 1750 m and approaches the upper limit for reliable use of the lichen-growth curve. Moreover, the lichen population is sparse and only a few large thalli were used for each age determination. Consequently, the derived lichenometric ages may not be close limiting dates for moraine stabilization.
GLACIERS ON SLUISKIN AND CRESCENT
MOUNTAINS
On Sluiskin Mountain, three sharp-crested moraines are concentrically grouped 100 to 150 m below the glacier. Layer C pumice was found beyond these moraines, but not on them, indicating that they are less than about 2200 yr old. Although these moraines probably represent glacier fluctuations during the past several centuries, lichens on the outermost moraine are less than 70 yr old, according to the growth curve.
A single, broad moraine borders each glacier examined on Crescent Mountain. Lichen trimlines are found near the crest of these moraines. Rhizocarpon and layer C pumice are plentiful beyond the trimlines, whereas the lichens within the trimlines are sparse. Scattered layer C pumice is also present within the trimlines, and is inferred to have been blown in from the adjacent pumicecovered ground. The observations on Sluiskin and Crescent mountains suggest that the lichen growth curve may not be valid for these higher altitude (> 1750 m) sites or that the expansion of perennial snowbanks may kill lichens periodically, causing irregular distribution patterns. vary among the glaciers, distinct periods of glacier recession can be discerned from available dates (Tables 1 and 2 1750, 1720, 1690-1695, 1640-1666, 1613-1623, 1552-1576, 1519-1528, and 1328-1363 Although the average rise in the ELA is about 160 m, there is considerable variation between individual glaciers. The calculated ELA for Cowlitz Glacier, which has lost 35% of its former extent, rose about 300 m. In contrast, the ELA rose only 60 m on Carbon Glacier, which has lost less than 6% of its former areal extent. The glaciers that have receded most extensively are those that have a relatively debris-free surface, whereas Carbon and Winthrop glaciers, being mantled with rockfall debris, have retreated much less during the past 200 yr. Although there are no moraines dated from the 15th century, there are several dendrochronologically dated moraines from the 13th and 14th centuries (Tables 1 and 2 ). These moraines represent glacial expansion beyond the extent of the latest Neoglacial maximum advances. However, at Carbon Glacier, the presence of layer C pumice more proximal to the glacier indicates the moraine stabilized prior to 2200 yr ago. This suggests that these moraines should be correlated with the widely recognized Neoglacial advances that culminated 2600 to 2800 yr ago (Porter and Denton, 1967) and that the tree-ring ages are indicative of the maximum life span of trees in this locality.
Examination of the altitudes of the former termini, calculated ELAs, and changes in areal extent (Table 3) These differences could be due to variable lag times in the response to similar climatic changes. However, in both areas, moraine ages divide into restricted periods of about 5 to 10 yr. This indicates that the regional variability between glaciers is usually not more than about 10 yr. Consequently, even considering the lags imposed by the variable dynamics of different glaciers, the times of moraine stabilization in these two areas are not synchronous during the past 200 yr. Apparently, despite the broad similarities in late Holocene glacier variations, the regional climate and the resultant moraine chronologies are significantly different in detail between these two areas. Further study is needed to determine the relationship between documented climatic change and glacier fluctuations in these regions. Such studies will permit the evaluation of the climatic implications of earlier glacier variations and will facilitate comparisons of regional, hemispheric, and global climatic trends during the late Holocene. 
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